Background-Strongyloides stercoralis
can cause a wide spectrum of disease in man, ranging from a chronic asymptomatic infection to a hyperinfective, often fatal syndrome. In rodents, spontaneous expulsion of Strongyloides spp occurs after experimental infection. Mast cells, goblet cells, and eosinophils have been identified as possible effectors of this expulsion. Aims-To investigate intestinal histopathology and mucosal immunity in immunocompetent patients with chronic S stercoralis infection. Methods-Jejunal biopsies were performed in 19 immunocompetent patients with a positive stool examination for S stercoralis and few or no symptoms, and in seven healthy controls. Specimens were processed for histopathological analysis and stained by the inumunoperoxidase technique, using the following monoclonal antibodies: CD2, CD3, CD4, CD8, anti-T cell receptor (TcR) y/I, RFD1 antagonists during the previous year, a group of drugs known to predispose to S stercoralis infection. 10 The control group comprised seven healthy volunteers. Strongyloides stercoralis infection was ruled out by four negative stool examinations (including the Baerman method in all four specimens), a normal white cell blood count, a negative serology for strongyloides antibodies (enzyme linked immunosorbent assay), and a negative search for the parasite in the jejunal juice. Their mean age was 22 years (range 19-24 years). Four were male, and six were white.
The study was approved by the Ethical Committee of the University Hospital. All patients and controls gave informed consent to participate in the study.
IMMUNOHISTOCHEMISTRY
Jejunal biopsies were obtained with a Watson capsule near the angle of Treitz under fluoroscopic control. Specimens were divided into two portions. The first one was fixed in 10% formal saline and embedded in paraffin wax.
Sections were cut at 6 gm intervals and stained by haematoxylin and eosin for histopathological analysis. Villus height and crypt depth were measured and reported in micrometres. Eosinophils were counted in the lamina propria of at least five x400 magnification fields and goblet cells were counted per 500 epithelial nuclei in villi and crypts separately. The second portion was mounted in OCT compound, snap frozen, sectioned at 6 gm intervals, and promptly fixed in chloroform/acetone (1/1) for 20 minutes. Sections were stained for CD2, CD3, CD4, CD8, T cell receptor (TcR) y/6, macrophage markers (RFD1, antigen presenting cells; RFD7, mature macrophages), Ki67+ (proliferating cells), major histocompatibility complex (MHC) class II molecule (human leucocyte antigen (HILA)-DR), and collagen IV by the three stage immunoperoxidase procedure." In addition, CD25+ cells, mast cells, IgE expressing cells, calprotectin containing cells (Mac 387+), and neutrophil elastase positive cells were stained by the alkaline phosphatase method." Sequential double staining with both techniques was used as described previously to identify CD8-/TcR y/6+ lymphocytes and CD3-/CD45+ non-T cells." Table 1 lists the monoclonal antibodies used and their sources. Positive cells were estimated separately in the lamina propria and epithelium. Intraepithelial lymphocytes were counted and are expressed over a total of 500 nuclei. CD2, CD3, CD4, CD8, RFD1, and RFD7 positive cells in the lamina propria were counted in a Dialux 20EB light optic microscope using a Seescan Image Analyser (Seescan, Cambridge, UK) in 10 different areas. A mean count was obtained and data were expressed in cells x 104/jim2. Other cells, fewer in the lamina propria, were counted and were expressed per low power field (x250) or high power field (x400), as indicated. Proliferating cells were counted in at least three well oriented crypts and data are displayed as mean positive cells/crypt. The thickness of the basement membrane was measured after staining of collagen IV and this is expressed in micrometres. HLA-DR expression was estimated by a semiquantitative method according to a scale graded from + (very faint staining) to ++++ (intense expression).
Means of the two groups were compared using the Student's t test for normally distributed data; the Wilcoxon test was used if the sample did not follow a normal distribution. The majority of the groups contained normally distributed data but for those in which the data were not consistent with a normal distribution, a Bonferroni correction suggested that this could be due to chance. Accordingly, and for clarity of presentation, data are shown as geometric means and 95% confidence intervals.
Results
The jejunal morphology was normal for the standards of developing countries." '' Crypts were long in the mucosa of some subjects in both groups, but the mean crypt depths of patients and controls was similar (table 2). The mean numbers of total T cells and their subsets were similar in both groups in the epithelium and lamina propria (tables 3 and 4, respectively). Nonetheless, when compared with normal Western standards (< 80/500 epithelial cells), the numbers of total CD2+ and CD3+ intraepithelial T lymphocytes were increased in both patients and controls (fig 1) . The numbers of mature macrophages (RFD7+, 
Discussion
The understanding of the immunomodulatory mechanisms by which S stercoralis is maintained in check in normal individuals, but causes an overwhelming opportunistic infection in immunosupressed individuals, is of key importance. There are virtually no studies in humans on the roles of different intestinal effector cells in the defence mechanisms of the normal host against S stercoralis. The understanding of this state of "tolerance" is an important step to elucidate the pathogenesis of the hyperinfection syndrome. Here, we provide a detailed histopathological and immunological study of the intestinal mucosa of patients with mild infection by S stercoralis. In these patients, the jejunal architecture was not affected by the parasite. Villus height, crypt depth, and the villus:crypt ratio were comparable in both groups. The normal intestinal morphology is based on a dynamic process in which crypt enterocytes mature and migrate to the top of the villi. The basal membrane has a crucial role in this process. Accordingly, the thickness of the basal membrane in the infected group was comparable to the control group.
Usually, villous atrophy is associated with crypt hyperplasia as a compensatory mechanism. The number of dividing cells in our patients was, on the contrary, reduced. Crypt hypoplasia can cause villous atrophy, as seen in malnutrition.'3 However, because there was no mucosal damage in our patients, this result must be interpreted with caution. The absence of a hyper-regenerative state is probably more meaningful. Other signs of inflammation, such as increased HLA-DR expression by enterocytes or its expression by crypt enterocytes were also lacking. There were increased numbers of CD3+ intraepithelial lymphocytes in both patients and local controls when compared to the normal standards in the Western world. It is likely that in humans, S stercoralis has a similar survival strategy, downregulating the host's protective immunity, as suggested by the results presented here. As a matter of fact, Genta et al reported a decreased lymphocyte blastogenic response to larval S stercoralis antigens in infected patients." The response was stronger if cells were cultured in normal rather than autologous serum, suggesting that there are inhibitory factors for cell mediated immunity in the serum of infected patients. Genta has also speculated that it is the molting effect of steroids on rhabditiform larvae-and not immunosuppression-that predisposes to dissemination. 26 27 Further studies are necessary to determine if and how massive S stercoralis infection breaks tolerance and to elucidate the etiopathogenesis of the dissemination syndrome.
